Judgments of learning (JOLs) made during multiple study-test trials underestimate increases in recall performance across those trials, an effect that has been dubbed the underconfidence-with-practice (UWP) effect. In 3 experiments, the authors examined the contribution of retrieval fluency to the UWP effect for immediate and delayed JOLs. The UWP effect was demonstrated with reliable underconfidence on Trial 2 occurring for both kinds of JOL. However, in contrast to a retrieval-fluency hypothesis, fine-grained analyses indicated that the reliance of JOLs on retrieval fluency contributed minimally to the UWP effect. Our discussion focuses on the status of the retrieval-fluency hypothesis for the UWP effect.
A judgment of learning (JOL) is a metacognitive judgment in which one predicts the likelihood of remembering an item on a criterion test (Nelson & Narens, 1990) . In a typical experiment involving JOLs, a participant may study paired associates (e.g., daffodil-blood) at a fixed presentation rate, and after studying each one, he or she would predict the percent likelihood (0 -100%) of recalling the second word of a pair (i.e., blood) when shown the first (i.e., daffodil). Interest in JOLs has been increasing over the past decade, partly because of their functional role in guiding self-paced study (for reviews, see Son & Metcalfe, 2000; Thiede & Dunlosky, 1999) . To effectively guide self-paced study, JOLs must accurately predict criterion performance (Thiede, 1999) . For instance, overconfident JOLs may lead to an inadequate duration of future study, whereas underconfident JOLs may result in excessive study. Because these kinds of bias are evident in people's judgments in many circumstances, understanding why judgments are inaccurate has important implications for supporting effective study. Toward this end, the present research is aimed at gaining insight into why people's JOLs become underconfident across study-test trials.
Such underconfidence of JOLs was first brought to our attention by Koriat, Sheffer, and Ma'ayan (2002) . In 11 experiments demonstrating this effect (Koriat et al., 2002) , participants typically studied paired associates, provided a JOL for each pair, and then were given a test of paired-associate recall. This procedure was repeated for at least two trials. Across these trials, a shift occurred toward underconfidence in participants' JOLs. More specifically, the mean JOL on the first trial exceeded mean recall performance, indicating overconfidence, whereas on subsequent trials criterion recall exceeded JOLs, indicating underconfidence. Koriat et al. labeled this shift the underconfidence-with-practice (UWP) effect because mean JOL magnitude was consistently lower than mean recall from the second trial on.
In the present experiments, we evaluated an explanation for the UWP effect first described by Koriat et al. (2002) , which we refer to as the retrieval-fluency hypothesis. Retrieval fluency pertains to the ease with which individuals retrieve responses during a recall trial that precedes the JOLs (for a discussion of retrieval fluency as a cue for metacognitive judgments, see Benjamin & Bjork, 1996) . According to the retrieval-fluency hypothesis, "the UWP reflects the failure to take into account the beneficial effects of recall experience when making JOLs" (Koriat et al., 2002, p. 160) . The idea here is that participants' JOLs are lower for responses that are retrieved more slowly than those retrieved quickly (e.g., Benjamin, Bjork, & Schwartz, 1998; Matvey, Dunlosky, & Guttentag, 2001 ). These lower JOLs may then underestimate subsequent recall if difficult-to-retrieve responses show a high rate of recall success on subsequent test trials. The plausibility of this hypothesis for the UWP effect is supported by results from Benjamin et al., who had participants answer general information questions (e.g., "What gem is red in color?") during an initial trial. Immediately after answering a question, each participant also made a JOL by predicting the likelihood of recalling his or her response (e.g., "ruby") during a subsequent test of free recall. When answering the general information questions, retrieval latencies were negatively correlated with JOLs, which demonstrated that retrieval fluency is a basis for people's JOLs. As important, retrieval latencies were positively correlated with free recall-that is, longer retrieval times were related to a greater likelihood of free recall. Thus, retrieval fluency inappropriately biased individuals' JOLs away from the actual level of free recall performance. Similarly, retrieval fluency may contribute to the UWP effect if retrieval latencies on Trial 1 are negatively correlated with JOLs on Trial 2, and these latencies are positively correlated with recall on Trial 2 (as in Benjamin et al., 1998) . In this manner, retrieval fluency may inadvertently bias JOLs toward underconfidence across multiple study-test trials.
The retrieval-fluency hypothesis yields several testable predictions. First, JOLs made on Trial 2 will be negatively correlated with the speed of retrieving correct responses during Trial 1 recall. Second, the UWP effect will be largest for items in which the speed of retrieving correct responses on Trial 1 had been the slowest, and it will be smallest for items in which retrieval speed had been the fastest. This latter prediction specifically links slow retrieval with the emergence of the UWP effect. To test these predictions, we had participants study paired associates on two consecutive study-test trials and make a JOL for each item on both trials. Latencies of recalling correct responses during Trial 1 recall were recorded.
To test the first prediction, we correlated the latency of correctly retrieving responses during Trial 1 recall with JOLs on the second trial. A negative correlation was expected. It is important to note that confirming this prediction is necessary, but not sufficient, for establishing retrieval fluency as a contributor to the UWP effect. In particular, such a negative correlation can explain the UWP effect only if the fluency of retrieval during Trial 1 recall affects JOLs on Trial 2 without similarly affecting retrieval during Trial 2 recall. Accordingly, evaluating the second prediction will provide the most crucial evidence that retrieval fluency contributes to the UWP effect. To do so, we compared the underconfidence that occurred for items that were most slowly retrieved during Trial 1 recall versus those that were most quickly retrieved. The retrievalfluency hypothesis predicts that more slowly retrieved items will show greater underconfidence.
To test these predictions, we had participants make immediate JOLs (which were originally used by Koriat et al., 2002) and delayed JOLs. For the latter, a brief delay occurred between the study and JOL for each item. Although JOL accuracy is often greater for delayed than immediate JOLs (Nelson & Dunlosky, 1991) , the UWP effect has recently been demonstrated for delayed JOLs (Meeter & Nelson, 2003; Scheck & Nelson, 2005 ; for an exception, see Finn & Metcalfe, 2004) , so perhaps retrieval fluency contributes to this effect for delayed JOLs as well. Thus, we estimated the contribution of retrieval fluency to the UWP effect for both immediate and delayed JOLs.
Experiment 1

Method
Participants, Design, and Materials
Sixty undergraduates from the University of North Carolina at Greensboro (UNCG) participated in this study to partially fulfill a course requirement. Participants were run 4 at a time on Apple iMac computers in the same room. These computers displayed the items to the participants and recorded all responses and latencies. The use of immediate versus delayed JOLs was a within-participant variable. Each participant studied 60 critical unrelated noun-noun word pairs (such as "daffodil-blood"). The materials, item randomization, item presentation, and procedure of the current study were identical to that of Nelson and Dunlosky (1991) with the exception that, in this instance, participants completed the procedure twice in succession.
Procedure
The participants completed two trials of paired-associate study and paired-associate recall. They studied the same set of 60 pairs on both trials. For study, the computer presented each item to the participant for 6 s. For each item, participants made either an immediate or delayed JOL. The JOL prompt consisted of only the stimulus of an item (e.g., for "daffodilblood," the JOL prompt would be "daffodil -?"). Participants were asked, "How confident are you that in about 10 minutes from now you will be able to recall the second word of the item when prompted with the first? (0 ϭ definitely won't recall, 10 ϭ 10% sure, 20. . . , 30. . . , 40. . . , and 100 ϭ definitely will recall)." The scale responses were in increments of 10. For immediate JOLs, the JOL prompt for an item was presented immediately after the offset of the presentation of that item for study. For delayed JOLs, the JOL prompt was presented for an item at least 1 min after the offset of the presentation of that item for study, with study and JOLs for other items intervening between the study and delayed JOL for any given item (for details on list construction, see Nelson & Dunlosky, 1991) .
After participants studied and judged all 60 items, they performed an unrelated distracter task for 5 min. They were then asked to recall the second word of each item (by typing it into a text field within the computer program) when prompted with the first word. Items were tested one at a time. Recall was participant paced, and omissions were accepted. The order of items was randomized anew for presentation during the recall trials. To correct for participants' spelling and typing errors, we scored words as correct if the first three letters of a participant's answer matched the first three letters of the correct response. As a measure of retrieval fluency, response latencies were recorded.
1 This procedure was repeated for a second trial in which the order of items was randomized anew for presentation at study and at test.
Results and Discussion
The UWP Effect
To estimate the UWP effect, we computed the signed difference between each participant's mean JOL and mean recall performance. Mean values for both trials are reported in Table 1 along with a composite score that reflects the overall shift to underconfidence across trials (cf. Meeter & Nelson, 2003) . For interested readers, we have included JOL magnitude and recall performance in Appendix A (Table A1) , which are the basis of this derived measure of absolute accuracy.
Two effects are evident from inspection of Table 1 and were substantiated by a 2 (kind of JOL; immediate vs. delayed) ϫ 2 (trial; Trial 1 vs. Trial 2) analysis of variance (ANOVA). First, the judgments showed increasing underconfidence across the trials, F(1, 59) ϭ 66.5, MSE ϭ 183.1, p Ͻ .05, effect size (ES) ϭ 1.1, 1 In the 3 experiments reported here, response latency (the measure of retrieval fluency) was the time from the onset of the item cue (i.e., presentation of the first word of the pair for recall) until participants typed their responses and pressed the "Enter" key. Although responses were one-word nouns and rather short, within-individual differences in typing time across responses may have resulted in a somewhat less reliable measure of retrieval latency. Accordingly, we conducted a follow-up experiment (to be reported in detail elsewhere), in which participants responded by pressing the spacebar once they had retrieved a response. Responses could not be entered until the spacebar had first been pressed. Time to press the spacebar and time to enter the entire response were both recorded and were highly related (mean intra-individual r ϭ .90, SEM ϭ .02, p Ͻ .05), which validates the measure used in the experiments reported here. As important, all of the outcomes reported here were replicated in the follow-up experiment using either measure of response latency. which replicates the UWP effect for both kinds of JOL. Second, the magnitude of the UWP effect was larger for immediate than delayed JOLs, F(1, 59) ϭ 59.8, MSE ϭ 84.7, p Ͻ .05, ES ϭ 1.7.
Relations Between Retrieval Latency and Judgments
We computed two gamma correlations (one for immediate JOLs and one for delayed JOLs) between each participant's correctretrieval latencies on Trial 1 and the corresponding JOLs made on Trial 2. Means across participant's correlations were Ϫ.16 (SEM ϭ .07) for immediate JOLs and Ϫ.03 (SEM ϭ .10) for delayed JOLs, t(37) ϭ 0.80, p Ͼ .10. Although this correlation was not reliably different from 0 for delayed JOLs, t(44) ϭ 0.33, p Ͼ .10, it was for immediate JOLs, t(44) ϭ 2.27, p Ͻ .05. The latter outcome is consistent with the hypothesis that Trial 2 immediate JOLs are based partly on retrieval fluency during Test Trial 1.
Linking Retrieval Fluency to the UWP Effect
Evidence from Experiment 1 implicates retrieval fluency as a possible contributor to the UWP effect, because a negative correlation was evident between correct response latency and immediate JOLs. Even though this outcome suggests that retrieval fluency is a basis for immediate JOLs and hence could contribute to the UWP effect, it does not directly demonstrate that slower retrieval is related to increased underconfidence on Trial 2. Accordingly, we further explored the retrieval-fluency hypothesis by directly linking differences in response latency on Trial 1 recall to underconfidence on Trial 2. This analysis was modeled from those used by Benjamin et al. (1998) and was conducted only for immediate JOLs, because only these judgments demonstrated a reliable negative correlation between retrieval fluency and JOLs. For each participant, items that had been correctly recalled prior to making JOLs were separated into three bins according to the latency of correct response (via Vincentizing per individual participant). For immediate JOLs, latencies from correct recall on the Trial 1 test trials were used. For each bin, we computed the underconfidence on Trial 2 that contributed to the total underconfidence across all items on Trial 2.
2 This analysis provided an estimate of the amount of total underconfidence on Trial 2 that was attributed to items that had the fastest to slowest response latencies. According to the retrieval-fluency hypothesis, underconfidence on Trial 2 will be largest for those items in which responses had been retrieved most slowly on Trial 1.
The mean underconfidence for each latency bin is presented in Table 2 , along with outcomes from a one-way ANOVA. Moreover, for interested readers, the mean JOL and mean recall performance for each bin (which in part were used to derive the critical measures in Table 2 , see Footnote 2) are reported in Table  B1 in Appendix B. What is striking from Table 2 is that underconfidence on Trial 2 did not increase as a function of increasing response latencies for correctly recalled items. In fact, underconfidence was evident even for responses that had been quickly retrieved and at a magnitude comparable with the underconfidence observed for items in the other latency bins. This outcome indicates that even though retrieval fluency was related to immediate JOLs in Experiment 1, it did not substantively contribute to the UWP effect.
Experiment 2
In Experiment 2, we further investigated the contribution of retrieval fluency to the UWP effect. Experiment 1 provided evidence that retrieval fluency may influence immediate JOLs, as suggested by the negative correlation between response latencies and immediate JOLs. By contrast, retrieval fluency did not appear to influence delayed JOLs, in that retrieval latencies for correctly recalled items during Trial 1 recall were not reliably correlated with delayed JOLs. We found this particular outcome quite surprising, because multiple hypotheses claim that delayed JOLs are based on retrieval fluency for correctly retrieved responses (e.g., Nelson & Dunlosky, 1991; Nelson, Narens, & Dunlosky, 2004) . According to these hypotheses, however, and in contrast to our measure of retrieval fluency in Experiment 1, retrieval fluency relevant to delayed JOLs pertains more specifically to the outcome of a covert retrieval attempt that occurs immediately prior to making a delayed JOL. For instance, when shown a cue for a delayed JOL (e.g., "daffodil -?"), an individual presumably attempts to retrieve the response (i.e., blood) and then bases the JOL on the success and fluency of that retrieval attempt (Koriat & Ma'ayan, 2005; Nelson et al., 2004; Nelson, Scheck, Dunlosky, & Narens, 1999) . As illustrated in Figure 1B , this pre-JOL retrieval attempt is proximal to delayed JOLs made on Trial 2. Retrieval fluency of the prejudgment recall attempt may influence JOLs in a way that contributes to the UWP effect. Thus, we evaluated the retrieval-fluency hypothesis again, but instead obtained a measure of retrieval fluency that occurred immediately prior to each delayed JOL. To do so, we modified the procedure of Experiment 1 as follows. For both kinds of JOL, participants were instructed to make an explicit pre-JOL recall attempt immediately prior to making each JOL (for detailed discussion of this procedure, see Nelson et al., 2004) . If retrieval fluency does influence delayed JOLs, response latencies during pre-JOL recall will negatively correlate with delayed JOLs. As important, assuming this relationship is found, if retrieval fluency also contributes to the UWP effect for delayed JOLs, then underconfidence on Trial 2 will be greater for items that had been the most slowly retrieved during pre-JOL recall. 
Method Participants, Design, and Material
The materials used in Experiment 2 were the same as those used in Experiment 1. Sixty undergraduates from UNCG participated to partially fulfill course requirements. None of the participants in Experiment 2 had participated in Experiment 1.
Procedure
The procedure of Experiment 2 was the same as in Experiment 1 with the exception that participants made a pre-JOL recall attempt immediately before making each JOL. This recall attempt was prompted in an identical manner to criterion recall in that participants were shown the first word of a pair and were asked to recall the second word. Immediately after this pre-JOL recall attempt, the participant made a JOL for the same item.
Results and Discussion
The UWP Effect
The UWP effect was estimated as in Experiment 1, and the corresponding values are presented in Table 1 (and Table A1 
Relations Between Response Latency and Judgments
As in Experiment 1, we computed the relationship between retrieval latencies and JOLs. These analyses were conducted for each of the two kinds of recall trial: recall on Test Trial 1 and pre-JOL recall on Trial 2. As illustrated in Figure 1 , each kind of recall is most appropriate to the analysis of one or the other (but not both) of the JOLs. For instance, recall attempts during Trial 1 are most relevant to the analysis of Trial 2 immediate JOLs (see Figure 1A ), whereas Trial 2 pre-JOL recall attempts are most relevant to the analysis of Trial 2 delayed JOLs (see Figure 1B) . Pre-JOL recall is less relevant to immediate JOLs because participants can readily recall most responses from short-term memory when making immediate JOLs (Nelson et al., 2004) . As explained earlier, pre-JOL recall is proximal to delayed JOLs and is highly predictive of final recall on that trial. Even though each analysis is not equally relevant to both kinds of JOL, we report all analyses for completeness.
Trial 1 recall. 
Linking Retrieval Fluency to the UWP Effect
As in Experiment 1, we further explored the contribution of retrieval fluency to the UWP effect by linking differences in response latency to underconfidence on Trial 2. We computed underconfidence on Trial 2 as a function of latency bins (for the fastest, middle, and slowest response latencies) for only delayed JOLs in Experiment 2, which showed a substantial relationship with retrieval latency that could potentially contribute to underconfidence. As shown in Table 2 , underconfidence was evident even for responses that had been quickly retrieved and at a magnitude comparable with the underconfidence observed for items in the other latency bins. Thus, retrieval fluency did not substantively contribute to the UWP effect for delayed JOLs.
Experiment 3
Evidence from Experiments 1 and 2 indicated that the UWP effect occurs for immediate and delayed JOLs. However, evidence was inconsistent with a retrieval fluency account of the UWP effect, especially for immediate JOLs, which showed the largest underconfidence on Trial 2. In Experiment 1, the correlation between response latencies on Trial 1 recall and immediate JOLs on Trial 2 was low (Ϫ.16) albeit reliable and was even lower (Ϫ.08) in Experiment 2. One possible explanation for these weak correlations is that pre-JOL recall had a reactive effect on immediate JOLs. Retrieving responses just prior to making immediate JOLs on Trial 2 may subtly shift participants' attention away from retrieval fluency that occurred during recall on Trial 1. Even in Experiment 1, covert pre-JOL recall attempts elicited by making delayed JOLs may have had similar reactive effects on participants' immediate JOLs. If so, the low correlation between Trial 1 retrieval latencies and Trial 2 immediate JOLs in Experiment 1 may underestimate the actual influence of retrieval fluency on immediate JOLs.
Motivated by this possibility, we conducted a third experiment in which judgment delay was manipulated between participants. Besides obtaining a better estimate of the contribution of retrieval fluency, another advantage of this design is that the outcomes will be more relevant to explanations of the original UWP effect described by Koriat et al. (2002) in which participants made only immediate JOLs. Because the most appropriate analysis for estimating the contribution of retrieval fluency differs for the two kinds of JOL (see Figure 1) , we used the following procedure in Experiment 3. For immediate JOLs, the two study-test trials did not include pre-JOL recall attempts, with retrieval fluency being estimated from correct recall on Test Trial 1. For delayed JOLs, pre-JOL recall attempts were included, and retrieval fluency was estimated from correct recall on Trial 2 pre-JOL recall.
Method Participants, Design, and Materials
The participants were 70 undergraduates from UNCG who participated in partial fulfillment of a class requirement. None participated in Experiment 1 or 2. The materials were 30 pairs of concrete nouns taken from the list of pairs used in Experiments 1 and 2. All participants studied and judged the same 30 pairs, but participants in the immediate-JOL group made only immediate JOLs, and participants in the delayed-JOL group made only delayed JOLs. Apple iMac computers recorded all responses and response latencies.
Procedure
The participants were randomly assigned to either the immediate-JOL group or the delayed-JOL group, with the restriction that an equal number of participants be assigned to both groups. As in the two previous experiments, participants completed two study-test trials of paired associates. The order of the 30 pairs of nouns was randomized at the outset of the experiment for each participant and presented one at a time for 6 s each. After participants in the immediate-JOL condition studied each pair, the computer prompted them to make an immediate JOL (as in Experiment 1). Participants in the delayed-JOL group studied all 30 items individually for 6 s each. They then made a pre-JOL recall attempt and delayed JOL for each of the same 30 items (as in Experiment 2), with the prompts for pre-JOL recall and delayed JOLs occurring in the same order as the corresponding items had been presented for study. After all 30 pairs were studied and judged, participants worked on a distracter task for 5 min. The computer then tested the participants via paired-associates recall, with the order of items being randomized anew. Trial 2 followed the same procedure as Trial 1, except the order of presenting items for study and test was randomized anew before study.
Results and Discussion
The UWP Effect
Absolute accuracy is reported in Table 1 . A 2 (kind of JOL) ϫ 2 (trial) ANOVA revealed a main effect across trials, F(1, 65) ϭ 44.2, MSE ϭ 213.5, p Ͻ .05, ES ϭ .80, which indicated increasing underconfidence across the trials. Also, the magnitude of the UWP effect was larger for immediate than delayed JOLs, F(1, 65) ϭ 19.0, MSE ϭ 213.5, p Ͻ .05, ES ϭ .90. 
Relations Between Retrieval Latency and Judgments
Linking Retrieval Fluency to the UWP Effect
Underconfidence as a function of latency bins (see Table 2 ) was computed for immediate JOLs on the basis of response latency of recall on Trial 1 and for delayed JOLs on the basis of response latency for pre-JOL recall on Trial 2. Consistent with the previous experiments, underconfidence was evident even for responses that had been quickly retrieved and at a magnitude comparable with the underconfidence observed for items in the other latency bins.
General Discussion
The present study was conducted to evaluate the retrievalfluency hypothesis for the UWP effect. Evidence from previous research implicated retrieval fluency as a potential contributor because retrieval fluency was negatively related to both immediate JOLs (Benjamin et al., 1998; Matvey et al., 2001 ) and delayed JOLs (Nelson et al., 1999) . Moreover, Benjamin et al., among others (e.g., Kelley & Lindsay, 1993) , have demonstrated how fluency of retrieval can negatively bias people's metacognitive judgments away from criterion performance. Such biases bring us to our primary question. Namely, to what degree does the reliance of JOLs on retrieval fluency contribute to the shift to underconfidence that occurs across trials?
The answer to this question, both for immediate and delayed JOLs, is "minimally, if at all." Although some correlations between response latency and JOLs were reliably negative, the magnitude of these latency-JOL correlations was consistently low. In Experiment 2, the correlation between response latencies and immediate JOLs was close to zero (Ϫ.08), yet the shift to underconfidence on Trial 2 for immediate JOLs was larger in magnitude than in the other two experiments (see Table 1 ). When we conducted a more fine-grained decomposition of underconfidence on Trial 2 based on response latency (see Table 2 ), underconfidence did not reliably change as a function of response latencies for correctly recalled responses. If retrieval fluency contributed to the UWP effect as predicted, underconfidence would have been larger for items with the longest response latencies.
Given that response latencies were often negatively correlated with JOLs, why did retrieval fluency fail to contribute to underconfidence? One possibility is that for paired-associate recall of episodic associations, slow responding may have been a valid predictor of criterion recall on Trial 2. We evaluated this possibility for the critical cases by correlating retrieval latencies for responses correctly recalled prior to making JOLs with whether those responses were recalled on the criterion test on Trial 2 (for converging evidence, see Table B1 of Appendix B). The correlations for items slated with delayed JOLs were Ϫ.41 (SEM ϭ .08, n ϭ 39, p Ͻ .05, Experiment 2) and Ϫ.56 (SEM ϭ .08, n ϭ 16, p Ͻ .05, Experiment 3). For immediate JOLs, the correlations were .01 (SEM ϭ .21, n ϭ 11, p Ͼ .10, Experiment 1), and Ϫ.28 (SEM ϭ .21, n ϭ 7, p Ͼ .10, Experiment 3). For immediate JOLs, quite a few participants' values were indeterminate because of the high conditional values, yet the correlations in general suggested that longer response latencies were related to subsequent forgetting. These trends were enough to offset any possible contribution of retrieval fluency to the UWP effect.
These results appear inconsistent with those reported by Benjamin et al. (1998) . More specifically, whereas we found that the slowest latencies of prejudgment retrieval were often predictive of lower levels of criterion recall, Benjamin et al. reported the opposite (see introduction for details). This inconsistency, however, is more apparent than real, given a critical difference between the tasks used in these experiments. For Benjamin et al., the prejudg-ment task involved retrieval of semantic memories (i.e., general knowledge questions) followed by criterion retrieval of episodic memories (i.e., free recall of the answers without the questions present). According to Benjamin et al., " when participants answer the question initially, they are being guided by the question on a search through semantic memory. . . The longer they spend on such a search, the more salient or elaborated the entry they create in episodic memory for the event of having searched for that answer. The more elaborate the [episode], the more easily it can be accessed on a later free-recall task" (p. 56). By contrast, in the present experiments as well as others investigating the UWP effect (Finn & Metcalfe, 2004; Koriat et al., 2002; Meeter & Nelson, 2003; Scheck & Nelson, 2005; Simon, 2003; Tiede, Lee, & Leboe, 2004) , recall prior to judgments and subsequent criterion recall both involved retrieval of episodic memories. In these cases, slow retrieval on an initial trial may indicate that the sought-after episode was not well elaborated in memory (compared with quickly retrieved episodes), and hence it would be indicative of slightly poorer recall on subsequent trials.
3
Because the retrieval-fluency hypothesis for the UWP effect did not fare well in the present context, we briefly considered another explanation for the effect, which was recently offered by Scheck and Nelson (2005) . They proposed that the UWP effect results from the anchoring and adjustment of JOLs. A participant makes a JOL by choosing an initial-and typically intermediate-anchor point on the JOL scale and bases subsequent JOLs around this value. A reluctance to use JOL values too far from this anchor point causes a participant's JOLs to be underconfident when performance is high, which occurs across multiple study-test trials. Although the present experiments were not constructed to potentially disconfirm this anchoring-and-adjustment hypothesis, this hypothesis can readily explain our relevant data presented in Table A1 . Certainly, given its current-albeit limited-empirical success, this hypothesis deserves further consideration.
Summary
In three experiments, we replicated the UWP effect for immediate JOLs. The effect was also extended to delayed JOLs, although it was substantially smaller in magnitude. As in previous research, outcomes supported the hypothesis that JOLs are based on the fluency of retrieving responses, but retrieval fluency did not contribute significantly to the UWP effect, which rules out a leading factor that inappropriately biases metacognitive judgments in other contexts. Although other promising hypotheses have been offered for the UWP effect (e.g., see Koriat et al., 2002; Scheck & Nelson, 2005) , this intriguing bias on JOLs must wait till future research provides a well-accepted explanation.
Appendix A Analyses of JOL Magnitude and Recall Performance
For the benefit of interested readers, we have included descriptive values for JOLs and recall across all three experiments. In Table A1 , we present mean JOL magnitudes and criterion recall across all items for both trials, which correspond to the derived measures of absolute accuracy reported in Table 1 . For each experiment, we conducted a 2 (trial) ϫ 2 (kind of JOL) ϫ 2 (measure; JOL vs. Recall) ANOVA. For clarity and brevity, we present only those outcomes that pertain specifically to the UWP effect-most notably, the interaction between trial and measure (which establishes the UWP effect) and the three-way interaction (which indicates a larger UWP effect for immediate than delayed JOLs). Most important, all outcomes were consistent with those based on the derived measures of absolute accuracy described in the text.
In Experiment 1, the In Table B1 , we present mean values corresponding to correctly recalled items for each of the latency bins, which correspond to the analyses reported in Table 2 . Note that subtracting the mean JOL and mean recall from Table B1 will not equal the amount of underconfidence presented in Table 2 . The reason for this discrepancy is that the values reported in Table  B1 are not adjusted for the proportion of total items that occur in each latency bin. By contrast, the values in Table 2 have been adjusted so that they accurately reflect the amount of total underconfidence on Trial 2 ( Table 1 ) that arises from items within each latency bin. Most important, however, in all but one case (Experiment 1, discussed below) the effects in Table B1 correspond to the analyses presented in the text; that is, both support the same conclusions.
In Experiment 1, we conducted a 2 (measure) ϫ 3 (latency bin; fastest, middle, slowest) ANOVA. First, a main effect for measure was obtained, F(1, 47) ϭ 24.9, MSE ϭ 556.2, p Ͻ .05, ES ϭ 0.69, which highlights the UWP effect for these items. As evident from inspection of Table B1 , however, the main effect of latency bin, F(2, 94) ϭ 1.8, MSE ϭ 76.1, p Ͼ .10, and the interaction, F(2, 94) ϭ 44.2, MSE ϭ 82.8, p Ͼ .10, were not reliable. The lack of an effect of latency bin on JOL magnitude was surprising, because it is discrepant with the reliable correlation-albeit small in magnitude, Ϫ.16 -between response latency and JOLs. This discrepancy arises from differential participant thresholds for making JOLs and can be misleading because averaging across participants (as reported in Table B1 ) can obscure an individual's use of retrieval fluency as a basis for JOLs. For this reason, we highlighted the more valid intra-individual measures in the text, which were first computed at the level of individual participants. Note, however, that this minor discrepancy does not undermine the main conclusions of this research.
In Experiment 2, the 2 (measure) ϫ 3 (latency bin) ANOVA revealed a main effect of measure, F(1, 59) ϭ 56.4, MSE ϭ 1117.9, p Ͻ .05, ES ϭ 0.97, and a main effect of latency bin, F(2, 118) ϭ 23.4, MSE ϭ 160.0, p Ͻ .05, ES ϭ 0.88. The interaction was not reliable, F(2, 118) ϭ 1.7, MSE ϭ 95.8, p Ͼ .10. As evident from inspection of Table B1 , these results are consistent with the conclusion that response latency is negatively related to JOLs, and most important, that underconfidence was robust across all latency bins.
In Experiment 3, the 2 (kind of JOL) ϫ 2 (measure) ϫ 3 (latency bin) ANOVA revealed a main effect of measure, F(1, 64) ϭ 27.5, MSE ϭ 851.5, p Ͻ .05, ES ϭ 0.63, and a main effect of latency bin, F(2, 128) ϭ 7.8, MSE ϭ 123.6, p Ͻ .05, ES ϭ 0.48. No other effects or interactions approached reliability. In summary, the analyses of raw scores for JOL magnitude and recall performance confirm the conclusions based on the derived measures presented in the text. Namely, underconfidence on Trial 2 was robust across latency bins, indicating retrieval fluency contributed minimally-if at all-to the UWP effect. 
